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Objective: To estimate the size of the future workforce in vascular surgery (VS) and the added cost associated with
addressing the projected shortage in the United States.
Methods: The net supply (number of Vascular Surgeons [VSN] currently practicing, new graduates entering the
workforce, and those retiring) for each decade was calculated. The projected population for each decade was determined
by U.S. Census Bureau figures. Some assumptions of this model included: (1) In 2008, the population was 300,000,000;
(2) There were 2783 board certified VSN in 2008; (3) VSN will practice 30 years from board certification to retirement;
(4) There will be 105 board certifications and 93 retirements per year; (5) Vascular operations will remain at 284 per
100,000 population; (6) Salaries of trainees will be $50,000 with benefits of 30% and $15,000 of additional direct
medical education costs.
Results: Population and workload analysis suggests that there will be a shortage of 330 surgeons (9.8%) and 399 surgeons
(11.6%) by 2030, respectively. The cost of training enough VSN (in a six-year program) by 2030 will be between
$1,166,400,000 and $1,199,520,000.
Conclusions: A conservative estimate by both population and workload analysis, disregarding aging of the population,
lifestyle choices of future VSN, and increasing demand for services, indicates a shortage of VSN in the future. Unless the
Balanced Budget Act of 1997 is revised by Congress, the cost to train the additional VS workforce remains a significant
barrier. ( J Vasc Surg 2009;50:946-52.)A growing number of Americans perceive limited ac-
cess to healthcare as a major crisis affecting the U.S.1
Clearly, roadblocks to adequate healthcare for the Ameri-
can public are varied and complex, but availability of an
adequately sized physician workforce plays an obvious yet
often underappreciated role. While some experts have rec-
ognized an impending shortage of physicians since 2002,2
only within the last three years has a consensus been
reached among academic policymakers, the federal govern-
ment, and physician groups that a major shortage of physi-
cians is indeed on the horizon.1
Despite earlier concerns that the primary care work-
force would be the most affected because more specialist
physicians were being trained at the cost of dwindling
numbers of primary care graduates, we have recently pre-
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946dicted a deficit of nearly 30,000 surgeons and surgical
sub-specialists over the next 20 years.3 The costs associated
with training adequate numbers of additional surgeons to
serve the growing population were noted to be significant.
Vascular Surgery (VS) specialty represents one of the
smaller physician specialty workforces,4 yet they treat a
disease that is part of the number one killer in the U.S. and
affects the fastest growing segment of the nation’s popula-
tion, atherosclerosis in the elderly.5 Thus, over the next 40
years, Vascular Surgeons (VSN) stand to represent a spe-
cialty in short supply at a time when demand for their
services is growing rapidly. The purpose of this study was to
estimate the size of the future VS workforce based upon
population and workload analysis, and calculate approxi-
mately the cost associated with training additional VSN to
address the projected shortage in the U.S.
METHODS
In order to arrive at an estimate of the future need for
VSN several assumptions were made.
a) The current VSN to population ratio would be main-
tained for the 40 year period between 2011 and 2050.
The population for baseline calculations for 2000 was
282,000,000 and for 2010 was 309,000,000.
b) The Balanced Budget Act of 1997 would not be revised
during this time period and the number of postgraduate
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ate would complete board certification and go into
practice.
c) With regard to direct medical education (DME) ex-
penses, we used Richard A. Cooper’s figure of $80,000
per year (salary of $50,000 with benefits at 30% and
$15,000 of additional DME).6
d) Each surgeon would practice 30 years from board cer-
tification to retirement, death, or disability.
e) A figure of 2783 board certified VSN in 2008 as com-
piled by the American Board of Surgery was used.
f) Board certification in VSwas assumed to continue at 105
per year, which approximates the number of graduates
entering practice annually. The number of retirees was
calculated for 2009, for example, by taking the 2783
VSN already practicing in 2008 and dividing that num-
ber by 30, which we assumed was how long they would
practice. Assuming a linear series of retirements, this
translates into 93 retirements in 2009 and annually
thereafter.
g) Vascular operations performed annually would remain
the same at 284 per 100,000 population.7
h) The average VSN would perform 300 operations per
year.8 This number is higher than the 213 operations
previously suggested by Stanley and colleagues.9
i) The number of years in training for VS would remain
unchanged.
RESULTS
1. Workforce calculation by population analysis. We cal-
culated the VS workforce by population analysis (ie, as-
suming a constant ratio of VSN needed per 100,000
population), as previously described.10
a) To obtain the number of VSN needed in 2009, for
example, we took the 2783 VSN in practice in 2008,
subtracted the 93 retiring in 2009, and added the
105 newly board certified VSN to the pool to bring
the final number to 2795 practicing VSN. We fol-
lowed the same methodology for 2010 to give 2807
VSN, and beyond (column 4 titled VASCULAR
SURGEONS IN PRACTICE in Table I). See Fig 1.
b) We calculated the shortage of VSN by first estimat-
ing the number of VSN needed for the population
Table I. Shortage of vascular surgeons by population
analysis
Year
Projected
population
Vascular
surgeons
needed
Vascular
surgeons in
practice Shortage % Shortage
2000 282,000,000
2010 309,000,000 2866 2807 59 2.1%
2020 336,000,000 3117 2927 190 6.1%
2030 364,000,000 3377 3047 330 9.8%
2040 392,000,000 3636 3150 486 13.4%
2050 420,000,000 3896 3150 746 19.2%for that year. This was determined by taking thepopulation of 300,000,000 and dividing it by the
number of board certified VSN (2783), which re-
sults in a VSN to 100,000 population ratio of
0.9276. To estimate the number of VSN needed in
2010, we multiplied 309,000,000 by 0.9276 and
divided by 100,000 to give us 2866 VSN nee-
ded (Column 3 titled VASCULAR SURGEONS
NEEDED in Table I). The shortage (Column 5 in
Table I) for that year was then calculated by taking
the difference of VASCULAR SURGEONSNEEDED
(Column 3) and VASCULAR SURGEONS IN
PRACTICE (Column 4). The shortage is also ex-
pressed as a percentage (Column 6 in Table I).
2. Workforce calculation by workload analysis.We cal-
culated the VS workforce by workload analysis (ie, as-
suming a constant work volume per VSN), as previously
described.9
a) To calculate workload, we multiplied the population
for the year by 284 operations and divided by
100,000 population.7 For example, for 2010, the
projected population of 309,000,000 was multiplied
by 284 and divided by 100,000 to give us the ESTI-
MATED WORKLOAD FOR POPULATION
(Column 3 in Table II) of 877,560 operations.
b) To determine the NUMBER OF VASCULAR
SURGEONSNEEDED (Column 4 in Table II), we
divided 877,560 by the average number of proce-
dures performed per VSN (300) to get 2925 (Col-
umn 4 in Table II). VASCULAR SURGEONS IN
PRACTICE (Column 5 in Table II) is 2807 as
previously described.
c) Therefore, the SHORTAGE (Column 6 in Table II)
is the difference between VSN needed and VSN in
practice, which is 118. PERCENT SHORTAGE is
then represented in Column 7 in Table II. The same
calculations are repeated for subsequent years until
2050.
Cost of training. The cost of training future VSN was
calculated based upon both population analysis and work-
load analysis. To account for the shifting paradigms in VS
training, the cost was calculated for both six and seven years
of post-graduate training following medical school.
Cost for six years of training
1. Cost by population analysis: Column 2 in Table III
shows the total years of training per decade from 2010
to 2020 obtained by multiplying the number of trainees
each year (105) by the years in training (6). At $80,000
annual cost per trainee, the cost for the decade is
$504,000,000. Column 3 in Table III depicts the same
scenario but applied to the additional 330 VSN trainees
needed from 2010 to 2030 (from the ‘shortage’ Col-
umn 5 in Table I) divided by 20 to get the number of
trainees per year that will be required to address the
projected shortage. The cost for the additional trainees
is then added to that of the current 105 trainees to arrive
at a total cost of $583,200,000 in Column 4 in Table
ion of
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of the additional decade (2020-2030) to arrive at
$1,166,400,000.
2. Cost by workload analysis: Column 5 in Table III starts
by taking the additional VSN projected to be needed
(399) in the year 2030 (SHORTAGE Column 6 in
Table II) and dividing that number by 20 to get 19.95
VSN required per year (Column 5 in Table III). The
cost of training these VSN is $95,760,000 (Column 5 in
Table III). This amount is then added to the cost in
Column 2 in Table III to give us the total cost of the
trainees per decade, and this is then doubled to get
the total cost of training for the VSN required to care for
the population in 2030 ($1,199,520,000).
Cost for seven years of training. The numbers in
Table IV are calculated exactly as in Table III except they
are based on the traditional seven years of training for VSN
Fig 1. Illustration of calculat
Table II. Shortage of vascular surgeons by workload analy
Year Projected population
Esimated work load
for population
V
2000 282,000,000
2010 309,000,000 877,560
2020 336,000,000 954,240
2030 364,000,000 1,033,760
2040 392,000,000 1,113,280
2050 420,000,000 1,192,800post-medical school.DISCUSSION
Since the early 1900s, physician workforce estimates
have been plagued by inaccuracy with forecasts alternating
between a surplus and a shortage. Most estimates have
predicted a surplus and have led policymakers, including
the federal government and physician groups, to take steps
to reduce physician supply or freeze funding for physician
training. The 1910 Flexner Report and the 1932 Commis-
sion on Medical Education of the Association of American
Medical Colleges (AAMC) both suggested a surplus of
physicians in the U.S., leading to an 80% reduction in the
number of medical schools in this country in the early 20th
century.11,12 The Study on Surgical Services for the United
States (SOSSUS) conducted by the American Surgical As-
sociation and the American College of Surgeons (ACS)
from 1970 through 1975 reported that 1600 to 2000
residents completing surgical training each year between
Vascular Surgery Workforce.
ar surgeons
eeded
Vascular surgeons
in practive Shortage
Per cent
shortage
2925 2807 118 4.0%
3181 2927 254 8.0%
3446 3047 399 11.6%
3711 3150 561 15.1%
3976 3150 826 20.8%sis
ascul
n1976 and 2012 would meet the need for surgeons in the
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training programs.13 The 1994 ACS survey of surgical
residents estimated over 4000 surgeons would complete
residency training per year, a number much larger than
anticipated by the SOSSUS study and one that provided
assurance that there would be enough surgeons to meet the
needs of the country.14
In the 1990’s, policymakers based estimates of physi-
cian workforce needs on the contraction of services forced
by managed care. The Council on Graduate Medical Edu-
cation (COGME), the Institute of Medicine, and the
AAMC reported to Congress their consensus that a surplus
of physicians was on the horizon.15 Indeed, based on these
estimates, the Pew Commission recommended reducing
the entering medical school size by 20 to 25%.16 Based on
a consensus predicting a surplus of physicians, Congress
passed the Balanced Budget Act (BBA) of 1997, which
froze the number of resident positions at 1996 levels.
Towards the end of the 1990s, warnings of shortages in
several specialties were published but largely unheeded
given the prevailing notion that too many doctors were
being trained.17,18,19 Richard Cooper ushered in the con-
Table III. Cost of training for six years
By p
Baseline #
trainees and
costs
Additional
trainees to fi
shortage
For the decade
2011-2020
For the decad
2011-2020
Trainees per year 105 16.5
Years per trainees 6 6
Total years per class 630 99
Total years per decade 6300 990
Cost per decade at $80,000 $504,000,000 $79,200,00
Cost to catch up by 2030
Table IV. Cost of training for seven years
By pop
Baseline #
trainees and
costs
Additional
trainees to fill
shortage
For the decade
2011-2020
For the decade
2011-2020
Trainees per year 105 16.5
Years per trainee 7 7
Total years per class 735 115.5
Total years per decade 7350 1155
Cost per decade at $80,000 $588,000,000 $92,400,000
Cost to catch up by 2030temporary opinion that we were facing an imminent physi-cian shortage by developing an economic trend model
based on gross domestic product (GDP) per capita to
estimate demand for physician services.20 We previously
have predicted a deficit of nearly 30,000 surgeons and
surgical sub-specialists over the next 20 years.3 In 2006,
largely based on Cooper’s and others’ efforts to change the
opinions of policymakers including the COGME and the
U.S. Congress, the AAMC recommended an increase in
enrollment of first year medical students by 30%.1,21
Although most of the focus has been on shortages of
primary care physicians, there is now consensus that a
shortage of surgical specialists is upon us and will only
worsen over the next 40 years.10,22 There have been several
studies looking at the future workforce in VS.7-9 The
Committee on Workforce Issues convened by the Society
for Vascular Surgery and the International Society for Car-
diovascular Surgery reviewed data on the numbers and
trends of operations performed and workforce require-
ments in VS and issued its report in 1995.9 The report,
based on a questionnaire sent to 2732 VSNwith a response
rate of 57%, estimated 571,000 vascular operations per-
formed in 1992 in the U.S with a mean caseload of 129
tion analysis By workload analysis
Total # trainees
and costs for
vascular surgeons
needed
Additional
trainees to fill
shortage
Total # trainees
and costs for
vascular surgeons
needed
For the decade
2011-2020
For the decade
2011-2020
For the decade
2011-2020
121.5 19.95 124.95
6
729 119.7 749.7
7290 1197 7497
$583,200,000 $95,760,000 $599,760,000
Decade cost times 2 Decade cost times 2
$1,166,400,000 $1,199,520,000
n analysis By workload analysis
otal # trainees and
costs for vascular
surgeons needed
Additional
trainees to fill
shortage
Total # trainees and
costs for vascular
surgeons needed
For the decade
2011-2020
For the decade
2011-2020
For the decade
2011-2020
121.5 19.95 124.95
7
850.5 139.65 874.65
8505 1396.5 8746.5
$680,400,000 $111,720,000 $699,720,000
ecade cost times 2 Decade cost times 2
$1,360,800,000 $1,399,440,000opula
ll
e
0ulatio
T
Doperations per VSN. However, surgeons whose caseload
JOURNAL OF VASCULAR SURGERY
October 2009950 Satiani et alconsisted of mainly vascular operations performed a mean
of 191 operations per year. Based on workload analysis,
Stanley and colleagues estimated 1,020,067 vascular oper-
ations and a shortage of 672 VS by the year 2020.9
By both population and workload analysis, our study
indicates a shortage of VSN over the next forty years. By
population analysis, we estimate a shortage of 746 sur-
geons, or 19% of our need, by 2050. By workload analysis,
the shortage is projected at 826 VSN, or 20.8% of our need.
The estimated cost of training enough VSN by 2030 to
meet this shortfall will be between $1,166,400,000 and
$1,199,520,000. Estimates of the future surgical work-
force have used several different methodologies. The work
effort analysis reported by Etzioni et al calculated surgical
workloads with relative value units, diagnosis related
groups, and absolute numbers of procedures.23 The Physi-
cian Supply Model (PSM) and the Physician Requirement
Model (PRM) used by the Health Resources and Services
Administration (HRSA) of the U.S Department of Health
and Human Services tracks physician supply in 36 medical
specialties by age, gender, country of medical education,
and patient care activity and estimates the number of active
full time equivalent physicians.24 A third model is the
economic determinant method of Cooper in which the
demand for medical and surgical services is correlated with
GDP per capita and population.6,25 Ours is a simplified
population model that starts with the number of practicing
physicians in the preceding year, adds new trainees, ac-
counts for attrition from retirement/disability/death, and
then calculates the number of active physicians in the
workforce as previously described. When applied to the
general surgery and surgical subspecialty populations, it
predicts shortages of surgeons to within 5% of Cooper’s
economic determinant model.3 All models agree that a
significant shortfall of surgical specialists is approaching,
and VS is no exception.
As in our previous work, in estimating the size of the
future VS workforce we assumed that the existing pattern
of population growth, insurance coverage, the economy,
the VS training paradigm, the length of productivity of
individual surgeons, and practice patterns would not
change.10However, a change inmany of these assumptions
as well as other issues unique to the VS specialty may affect
the accuracy of this model. Despite all of these limitations,
ours is likely a conservative estimate; it accounts for growth
in the U.S. population but not, for example, changes in the
distribution of needed physician specialties brought about
by the aging of the population. VS represents a specialty
that will be keenly affected by the U.S. population’s rising
average age and hence the propensity to atherosclerosis.1,23
This alone would seem to predict a greater need for VSN
than that predicted solely by population or workload anal-
ysis. Given this, increases in demand for VS services per unit
of population seem likely, challenging our assumption that
vascular operations performed annually would remain sta-
ble at 284 per 100,000 population.
Furthermore, as medical technology advances, the per
capita utilization or demand for health care services increa-ses.26 The evolution of VS procedures towards endovascu-
lar techniques is an example of such an advance, and will
likely contribute to an underestimation of the future VS
workforce need. The perception or reality of decreased risk
associated with endovascular procedures has resulted in a
broadening of indications for certain VS interventions,
application towards a larger patient population, and in-
creased patient demand for these procedures. Decreased
durability of these procedures compared with traditional
open vascular operations in some cases has increased the
number of interventions performed per patient. Anderson
et al calculated a greater than 50% increase in the number of
vascular operations per capita between 1980 and 2000, a
finding even more pronounced in the population over age
75 years. Between 1999 and 2004, they identified a 979%
increase in endovascular procedures in the U.S.7 Using
Healthcare Cost andUtilization Project data,Wieslander et
al have already predicted a shortage specific to endovascu-
larly-trained VSN based on the increasing numbers of
percutaneous procedures.8
Yet another variable that may affect our VS workforce
estimates relates to changing resident training paradigms
and changing attitudes, lifestyle needs, and career choices
of younger VSN. It is a commonly held belief that imple-
mentation of the 80 hour work week for residents has led to
a population of young physicians with attitudes and lifestyle
needs in contrast to the work hours and productivity of
older surgeons. Certainly, there is evidence that resident
work hour restrictions have directly decreased the produc-
tivity of academic faculty surgeons.27 And, although histor-
ically an individual surgeon’s productivity has increased to a
peak between ages 50 and 54, current thought is that
today’s young surgeons will not follow that pattern of
increasing productivity with age, but instead will maintain
a constant level of productivity throughout their ca-
reers.1,4,28 It has also been suggested that increased num-
bers of women surgeons, who tend to retire earlier, work
fewer hours per week, and more often choose part time or
shared positions, will contribute to lower productivity.29
Finally, alternative career opportunities for surgeons in-
cluding employment with health care organizations, phar-
maceutical companies, or other venues outside of clinical
practice will all combine to decrease overall surgeon pro-
ductivity.6 The end result of this will be that our assump-
tions regarding the number of years worked prior to retire-
ment and the number of operations performed by a
practicing VSN per year will decrease, leading to further
underestimation of the VS workforce shortage.
We have already seen how a shift towards a managed
health care paradigm in the 1990s resulted in unpredictable
supply and demand changes in the health care market and
inaccurate predictions of physician workforce need. Prevail-
ing thought in that decade was that managed health care
services would result in a contraction of services and less
demand for physicians; clearly that assumption was incor-
rect and, less than two decades later, we face an impending
potentially severe physician shortage. In today’s health care
climate, it is impossible to predict if the next health care
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some variation of the current managed care paradigm.
What is clear, however, is that any future model will need to
serve far more health care consumers, many of whom are
older, and many of whom will have far more need for
services.
On the other hand, high impact supply side actions may
ameliorate this workforce shortage. Increased VSN produc-
tivity through disruptive technology would have a far
reaching effect without the cost of increased numbers of VS
trainees. As we have already discussed, however, current
trends indicate a decrease in individual VSN productivity
compared with decades past. With changes in the work
habits of today’s younger VSN, an ever increasing complex-
ity of vascular care, and fewer incentives for increased
productivity, bringing about an increase in VSN productiv-
ity without increasing absolute numbers of practicing VSN
seems a difficult task. Another factor that may mitigate the
impact of the shortage is the expanded role of other spe-
cialties such as Interventional Cardiologists (IC), Interven-
tional Radiologists (IR), and even Cardio-Thoracic Sur-
geons (CT). We do not have firm data on the exact
percentage of endovascular procedures performed by these
specialties, but catheter-based interventions performed by a
large percentage of approximately 4216 IC and 2058 IR in
the U.S could reduce the workload of VSN.8 However,
there is some evidence that, at least for in-patients, the
market share for VS has increased from 27% in 1998 to 43%
in 2005 at the expense of IR.30
Funding more VS training positions will increase num-
bers of practicing VSN, albeit slowly, given the length of
training in the specialty. This likely would require a reversal
of the 1997 BBA to increase federal funding for more
residency positions. Indeed, recent legislation, the “Resi-
dent Physician Shortage Reduction Act of 2009,” which
would increase the number of Medicare supported medical
residency positions by 15,000 slots or 15%, has been intro-
duced in the House of Representatives.31 In Tables III and
IV, we have estimated the cost of training the current
workforce as well as the additional VSN needed, based on
population and workload analysis, to care for the growth in
population over the next 20 years. In the traditional seven
year training scenario, it would take an additional $92.4
million and $111.7 million by population and workload
analysis, respectively, to train the additional VSN needed
for the population in 2030. That would mean Congress
allocating between $4,620,000 and $5,586,000 by popu-
lation and workload analysis, respectively per year of addi-
tional funding in an era of severe budget deficits.
However, increasing the number of VS training posi-
tions may prove to be a complex task for other than
financial reasons, given the currently changing paradigms
of VS training and the rapid evolution of vascular care
brought about by the development of endovascular sur-
gery. It also assumes that U.S. medical school graduates will
continue to find VS to be a desirable specialty. Some
specialties have moved towards shortening the length of
resident training in an effort to more effectively recruitmedical students and more rapidly turn them into practic-
ing physicians. Increased opportunities for job sharing or
part time VS work to attract more medical students into the
field may also augment the effect of more VS graduates.
Some, however, question whether investing in an increase
in the number of trainees is the most efficient way to
address the impending shortage. Goodman has used the
Dartmouth Atlas data to argue that investing money in
preventive care and rewards for health care systems for
better outcomes may have a higher impact than spending
the same amount to create more training positions.32
In this study, we have predicted a shortage of VSN over
the next 40 years, with resultant deleterious effects on the
ability to deliver needed vascular care to the American
public in the very near future. Most of the variables dis-
cussed in our model are likely biased towards making our
estimate of VS workforce needs a conservative one. Timely
attempts to mitigate a shortage are critical to maintain
access to the future VS. Besides revoking the BBA funding
limitations and shortening the length of training, new
models of delivering health care to vascular patients must
be considered. Persuading more medical students to
choose VS, incentives to work in rural areas, job sharing,
and encouraging less than full time equivalent VSN to
continue to work longer or transition into office-practices
must all be among innovative approaches to solving the
shortage predicament ahead.
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